Cell-free extracts of Bacillus licheniformis and B. cereus were found to contain high specific activities of nicotinamide adenine dinucleotide phosphate (NADP)-dependent-L-glutamate dehydrogenase [EC 1.4 
Endogenously generated amino acids may serve as the primary source of energy and of anabolic precursors during sporulation of Bacillus licheniformis (2) . It was demonstrated that enzymes of the catabolic pathways for conversion of proline and arginine to glutamate are induced and operative during sporulation metabolism of this organism (16, 17) . One might suspect, therefore, that glutamate may serve as a primary source of energy and biosynthetic material during sporulation. Accordingly, glutamate was shown to comprise approximately 30 to 35% of the total amino acid pool of this organism during vegetative and sporulation metabolism (3) . There is considerable evidence that sporulation in Bacillus requires a functional tricarboxylic acid cycle (6, 8, 10) . The synthesis of certain enzymes of this pathway are known to be under catabolite repression control, and a-ketoglutarate or glutamate, or both, were postulated to act as coregulators in this control (9, 10) . Glutamate of glutamate. The "concurrent regulation" (25) of these enzymes may be of possible significance during differentiation of Neurospora (25) andPHIBBS AND BERNLOHR bacteria, Thiobacillus novellus (19) and Hydrogenomonas eutropha (13) . The NADP-dependent species was dominant during growth under autotrophic conditions, whereas the NAD-dependent species was maximally induced during growth under heterotrophic conditions when glutamate was supplied in the medium. Most bacteria, however, are thought to contain only one species of GDH. Escherichia coli is reported to contain NADP-dependent GDH activity (7) , and an anabolic role for this enzyme was suggested (27) . Recently, an NAD-dependent GDH was reported in Clostridium SB, (29) . Members of the genus Bacillus are thought generally to lack GDH activity (9, 12) , although NADP-specific activity was reported in two species (12, 29) and an NAD-specific enzyme was reported in a third species (4 A diethylaminoethyl (DEAE)-cellulose column (2.5 by 30 cm) was prepared with Cellex D that was extensively washed and equilibrated with buffer (0.1 M Tris hydrochloride, 10 mM 2-mercaptoethanol, 50 mM NaCI, pH 7.5). The heat-treated fraction (69 mg of protein) was adsorbed to the gel, and the column was washed with 40 ml of the equilibration buffer followed by a linear gradient of 0.05 to 0.67 M NaCI in 0.1 M Tris-hydrochloride (pH 7.5) containing 10 mM 2-mercaptoethanol. The total volume of the gradient was 328 ml, and 5-mI fractions were collected at a flow rate of 0.74 ml/min. GDH activity was eluted in the 40-ml volume from fraction 43 through fraction 50. These fractions were pooled, and all of the enzyme activity was precipitated by addition of solid (NH4)2S04 to 65% saturation. The precipitated protein (3.76 mg) was collected by centrifugation (35,000 x g for 20 min), dissolved in 3 ml of 0.1 M Tris-hydrochloride (pH 8.0) containing 10 mm 2-mercaptoethanol, and stored at -20 C. The specific activity remained at 26.2 for at least 2 weeks when stored under these conditions, but had a half-life of 4 days when stored in an ice bath. A summary of the enzyme purification scheme is shown in Table 1 .
Regulation of the level of GDH activity in growing cells. The methods employed in each of these experiments were essentially the same. Cells of B. licheniformis A-5 were grown in flasks of medium containing one of the following as the sole source of carbon, nitrogen, and energy: 50 mM L-glutamate, 0.3% Casamino Acids, or 15 mM glucose plus 10 mM NH4CI. Various additions were made to some cultures at a point during mid-exponential phase of growth and the effect of these additions on the specific activity of GDH was determined. Samples of 100 to 200 ml were withdrawn from each flask just before the time of addition and at several subsequent points along the growth curves. Samples were chilled immediately by pouring into centrifuge bottles containing ice. The cells were harvested in a refrigerated centrifuge, washed, and suspended in a sufficient volume of buffer (3 to 5 ml of 0.1 M Trishydrochloride plus 10 mM 2-mercaptoethanol, pH 8.0) to yield extracts containing 4 to 10 mg of protein per ml. The suspensions of washed cells were frozen overnight, and dialyzed crude extracts were prepared as described above. The particular growth substrate and addition for each experiment are shown with the results in the appropriate figures. Results are given as averaged values from duplicate or triplicate determinations.
Effect of antibiotics on derepression of GDH. The effects of mitomycin C, rifampin, and chloramphenicol on the glucose-dependent increase of GDH specific (Fig. 1) . The shape of the reciprocal plots for a-ketoglutarate saturation was similar, irrespective of the ammonium concentrations, and suggested substrate inhibition when a-ketoglutarate concentration became significantly higher than the apparent Km values (Fig. IA) . The linear portions of these plots extrapolate to a common point of the abscissa and the results from several such determinations suggested an apparent Km value of approximately 6.7 mM a-ketoglutarate. It was also discovered in additional experiments that aketoglutarate concentrations above 60 mM result in marked inhibition of inital reaction velocity; 100 mM a-ketoglutarate produced nearly total inactivation. Reciprocal plots of ammonium saturation curves were also nonlinear and suggested possible substrate activation by high concentrations of ammonium (Fig. [B) . In additional experiments, linear plots were obtained with 2 to 10 mM ammonium when 35 mM a-ketoglutarate .5-was used. The results suggested a Km of 5.5 mM for the ammonium ion.
The possibility that the apparent nonlinearity of a-ketoglutarate and ammonium binding was an artifact produced by changes in the pH, from one reaction mixture to another, was ruled out because the measured pH values were found to remain essentially constant between pH 7.97 to 8.03, within the optimal range of pH 7.7 to 8.0 in Tris buffer.
Reciprocal plots of saturation curves for NADPH and for L-glutamate were linear and exhibited typical Michaelis-Menten saturation kinetics ( Fig. 2 and Fig. 3 Fig. 2 and Fig. 3 dependent on the NADP concentration was not investigated. However, in preliminary experiments, it was found that the concentration of NADP employed in the glutamate saturation study (Fig. 3) Attempts were made to demonstrate GDH activity in cell-free extracts of B. subtilis 168 T-, B. megaterium, and B. mycoides. Neither NADP-dependent nor NAD-dependent GDH activity was detected in dialyzed crude extracts of cells of B. subtilis 168 when grown on T saltsglucose-ammonium medium supplemented with I mM L-tryptophan. The latter two species (megaterium and mycoides) would not grow in minimal medium. Therefore, all five species studied in the present investigation were cultivated in the complex medium previously described. Assays were performed with extracts of cells from mid-exponential and post-exponential phases of growth, and the specific activities are shown in Table 3 . The specific activities of GDH in crude extracts from B. licheniformis and B. cereus were much lower in cells grown on the complex medium. Furthermore, the specific activities were considerably higher in extracts of post-exponential-phase cells, and these data are the converse of results obtained in the previous experiment with cells grown on minimal glucoseammonium medium (Fig. 4) . NADP-dependent GDH activity was not detected in dialyzed crude extracts of B. subtilis, B. megaterium, or B. mycoides. Assays for NAD-dependent GDH activity in each of the extracts yielded negative results.
Regulation of the level of GDH activity in growing cells. The specific activity of GDH in extracts of cells of B. licheniformis grown on glutamate was shown to be very low in a previous GLUTAMIC DEHYDROGENASE OF B. LICHENIFORMIS experiment ( Table 2 ). The addition of glucose to similar cultures was found to result in a rapid increase of NADP-dependent GDH specific activity after an initial lag of about I hr (Fig. 5) . The generation time of the cells decreased from approximately 3.5 to 2.2 hr immediately after the addition of glucose. The rapid increases in GDH specific activity stopped abruptly when slower growth rates were resumed. In fact, the results from several such experiments, with addition of 5 mM glucose, showed that the level of GDH activity decreased slowly after the normal rate of growth on glutamate was resumed. Furthermore, the glucose-dependent increase in GDH specific activity was shown to be unaffected by the presence of 10 mM NH.CI in the medium. These data do not rule out the possibility that the apparent effect of glucose on GDH synthesis is merely an artifact produced by the increased growth rate. Therefore, the effect of glucose addition on the levels of GDH activity in cells growing on Casamino Acids was determined, and the experimental results are shown in Fig. 6 . The specific activity of GDH was extremely low in cells grown on Casamino Acids and appeared to increase very slowly to a maximum of 0.09 in post-exponential-phase cells. However, the addition of 5 mm glucose to exponential-phase cells resulted in a rapid increase of specific activity, to very high levels, after an initial lag of about I hr. Although the addition of such a small concentration of glucose lengthened the period of exponential growth, there was no effect on the specific growth rate. The results clearly show that the glucose-dependent increase in specific activity is not a function of increased growth rate.
The I-hr lag between the time of glucose addition and the onset of increasing levels of GDH activity was not observed when glucose was replaced with pyruvate in these experiments (Fig.  7) . A fivefold increase in specific activity occurred during the first hour after addition of 30 mM pyruvate to cells growing on 50 mM glutamate. Pyruvate addition had little effect on growth rate and resulted in the immediate elevation of GDH specific activity. The maximum specific activity reached under these conditions was similar to the maximum level resulting from the addition of 5 mM glucose (Fig. 5) .
These data can be interpreted to suggest that the synthesis of GDH may be regulated by induction by some Fig. 9 . It is suggested from these rest the synthesis of GDH is regulated by gli repression since the presence of glucose growth medium did not prevent the rapid diate dilution of activity in growing cells.
There was no direct evidence in the ments shown in Fig. 5 to 9 that the de nc thesis of GDH is the regulatory target. ments were conducted, therefore, to de the effect of inhibitors of macromolecu thesis on the glucose-dependent increase cific activity during growth on high cot tions of glutamate. The experiment w viously described, and the results are shown in Table 4 . Mitomycin C, rifampin, and chloramphenicol completely inhibited the glucose-dependent increase in GDH activity when added to cultures 30 min after the addition of 5 mM glu-.. 40 cose. However, appreciable levels were detected when antibiotics were added 60 min after glucose addition, and an even higher specific activity was . 35 reached when chloramphenicol was added after 100 min. The normal profiles of GDH activity in glutamate-grown cells and in cells after glucose . addition are shown in Fig. 5 (curves for "no glue cose" and for "5 mM glucose," respectively).
.25 o Mitomycin C inhibits deoxyribonucleic acid S (DNA) replication and, after a lag of several = minutes, inhibits ribonucleic acid (RNA) and .20~p rotein synthesis (26) . Rifampin is a potent and i highly specific inhibitor of DNA-directed RNA * synthesis (22) , and chloramphenicol was shown to inhibit strongly the incorporation of amino acids into protein by this organism (18) . Therel.0 fore, it is apparent from these experimental results that increased levels of GDH activity, under 
